In this study the quality of Croatian coldblooded mare's milk during six months lactation period was investigated. Samples of milk were collected throughout six month's lactation, from 22 mares and included three consecutive lactations. Physicochemical properties (pH, °SH, density) and chemical composition of raw mare milk have been studied. Fat, lactose, protein and solid non fat contents were analysed by infrared spectrophotometry and by conventional methods. Somatic cell count and microbiological parametres such as the total bacterial count, Enterobacteriaceae, coagulase positive staphylococci as well as presence of pathogens, Salmonella species and Listeria monocytogenes were also researched. Results are presented as comparison of standard and instrumental methods for chemical analysis (fat, protein, solid non fat, lactose). The mean values are presented as trends during lactation. Results were analysed by Stata 10.0. For results obtained by using different methods there were significant differences between methods for milk fat on 10 th day, lactose content on 10 th and 60 th day, and total solids non fat on 60 th day of lactation. Values of milk fat, protein, lactose and solids non fat obtained on the 40 th , 60 th , 120 th and 180 th days of lactation by IR spectrometry were compared with the value obtained on the 10 th day of lactation by the same method (IR spectrometry). Milk of the Croatian coldblooded mares showed stabile chemical composition for all ingredients except lactose (p=0.0001), and high microbiological quality throughout the lactation period.
Introduction
Previous studies demonstrated favourable composition of mare's milk in diet (Uniacke-Lowe et al., 2010) and confirmed mare's milk as a food with certain health benefits (Ellinger et al., 2002; Salimei and Fantuz, 2012) . With respect to many components mare's milk is more similar to human milk than to the milk of ruminants (Potočnik et al., 2011.) . Regardless of the high lactose concentration, it can be consumed either fresh or fermented (Uniacke-Lowe, 2011). Because of its specific chemical and nutritional characteristics, mare milk receives more attention in human nutrition and the demand for mare milk and its products has increased in European countries. Microbiological status of raw milk is one of the indicators of milk hygiene and quality. According to its composition, milk is an extremely valuable foodstuff and suitable medium for microbial growth. Recent research shows data for somatic cell and total bacteria count in raw mare milk, which are generally lower than in conventional dairy species (Danków et al., 2006 ; Markiewicz-Keszycka et al., 2013), indicating good hygiene of milking. This study provides trend monitoring of chemical composition through the lactation period. Moreover, by comparing the results for the same chemical compound obtained by different methods, the suitability of several instrumental methods were examined. With this study, an expanded microbiological research was conducted to determine the status of raw mare's milk as hygienic foodstuff.
Material and methods

Animals and sample collection
Croatian cold blooded, clinically healthy mares (n 22), kept in similar conditions, from five owners of the Zagreb County were monitored. Mares were kept in barns, and some of them, stayed during the summer on common pastures in Lonjsko Polje nature park. Mares were aged 3-12 years, foaled from February to early May. Meal consisted of grains and meadow hay. Foals was weaned at the age of 6-7 months. Mares were not exploited as dairy animals and milking was carried out by the owner of the animal. Samples of milk were collected throughout six month's lactation, on approximately 10 th , 40 th , 60 th , 120 th and 180 th day. Sampling was carried out through three years and in some animals consecutive lactations were included. The amount of the sampled milk was different, ranging from a minimum of 50 mL to maximum of 750 mL. Usually, 200-250 mL of milk was obtained. Two hours before sampling, foals stayed close to the mares, but on a short yarn, which prevented suckling and provided sufficient quantities of milk for analyses. Before milking, udder and hands were washed with warm water and disinfected with 70 % ethanol. First few jets of milk were rejected. Samples for bacteriological examination were taken in sterile bacteriological test tubes, in the amount of 5-10 mL. For determination of the somatic cell count potassium dichromate has been used as preservative. Samples for microbiological and chemical research were transported on ice and kept at +2 to +8 °C.
Experimental procedures
Microbiological analysis of mare's milk: mare milk was analysed in the laboratory within 12 hours after sampling. Sample preparation, basic and decimal dilutions for microbiological examination were carried out according to HRN The Somatic cell count (SCC) was determined in prewarmed samples by using a Fossomatic TM 5000 (FossElectric, Denmark). So far, the instrument was used only for SCC determination in the fresh or preserved samples of cows' milk.
Chemical analyses were performed by Milco-Scan 4000 (FossElectric, Denmark) and by conventional methods for same parameters (milk fat, proteins, sugar and total solids non fat): as follows butyrometric Gerber method HRN ISO 2446:2009; internal Kjeldahl method; internal Loof-Schoorl method; drying at 102 °C. pH value (potentiometric), °SH (titrable acidity according to Soxhlet-Henkel), density and ash at 550 °C were also determined.
Statistical analysis was performed by the program Stata10.0 (STATA Corp. USA). Results are shown as median, minimum and maximum values, or as an arithmetic mean with a standard deviation according to data distribution. Data distribution was checked using Shapiro-Wilk test. The obtained values were compared by the paired t-test, or the paired test for non-parametric values (Wilcoxon sign rank test). For the comparison of more than two groups, the Kruskall-Wallis test or analysis of variance was used, depending on the data distribution (Petrie and Watson, 2013).
Results and discussion
Fat contents determined by two different methods were statistically different only on the 10 th day of lactation (Table 1) . Fat is a milk component that varies the most in relation to other ingredients, depending on time and the sampling method. Therefore, the observed differences on the 10 th day of lactation may be affected by milking interruption before its end because of mare restlessness, or interruption The observed differences for protein content determined by the two different methods were not statistically significant (Table 2 ). Similarly to the findings of Martuzzi et al. (1995) , this research has revealed that the protein content in mare's milk during the whole lactation period was gradually falling, whereas the initial content of 23 g L -1 at the beginning of lactation decreased to 16.2 gL -1 on the 180 th day of lactation.
As well as other indicators of mare's milk quality, lactose content was analysed and the results were compared by two methods throughout the lactation (Table 3 ). Mare's milk on average contained 62.9 g L -1 lactose on the 10 th day. Similar results for lactose amount were published by Mariani et al. (2001) for milk from Haflinger mares (63.6-68.8 g L -1 ). Lactose increases towards the end of lactation, what is consistent with other published results (Mariani et al. 2001; Martuzzi et al., 2004) . The observed differences in lactose values measured by two methods, were statistically significant on the 10 th (p = 0.0093) and the 60 th day (p = 0.008).
of the milk secretion due to emotional distress which was indicated by other authors (C aroprese et al., 2007) . Most of the mares in this study were not accustomed to milking, so even skill and experience of the milker could have affected the results. Navratilova et al. (2018) found that milk fat content is significantly (p<0.01) affected by the lactation stage, breed and nutrition. A wide range of results from 2.9 g L -1 to 30.1 g L -1 and a decreasing value towards the end of the lacatation for milk fat are in agreement with other similar researches performed in Croatia (Ernoić, 1998; Čagalj et al., 2014) . Since MilkoScan so far was validated for analysis of cow's milk samples with significantly lower lactose content, the difference obtained by the applied methods in this research is not unexpected. Further, the applied Loof-Schoorl method for the sugar extraction is a non-selective volumetric method for evaluation of all reducing sugars, so the observed differences could be related to the method applied.
The total solids non fat content in mare's milk is shown in Table 4 . The observed differences in the content of dry matter, measured by refractometer and infrared spectroscopy, were significant on 60 th day. Average proportions are in agreement with datapublished within other similar researches performed in Croatia (Ernoić, 1998; Čagalj et al., 2014) . The ash content measured in samples of mare's milk were on average 0.386 %, gradually falling towards the end of lactation and did not differ significantly (Table 5 ). Result on the 10 th day (0.436±0.125) was slightly lower than concentrations of ash at the beginning of lactation. Similar finidngs were reported by Martuzzi et al. (1998) comparing the milk of Bardigiano and Italian saddle horse breeds, which were 0.498±0.096 % and 0.502±0.066 %, respectively.
Mare's milk density at 20 °C varied from 1.0355 to 1.0288 g cm -3 during the lactation ( Table 6 ). Analysis of variance showed that the density value did not differ between individual measurements.
The arithmetic mean for titratable acidity according to Soxhlet-Henkel and pH during lactation period with the belonging p values are presented in Tables 7 and 8 (1995) indicated the minimum and maximum pH of mare's milk from 6.58 to 7.8 during lactation, while the pH in this study ranged from 6.81 to 7.2 with significant differences (p=0.0016). The same authors state °SH 3.09±1.06, which is higher than the degree of acidity °SH 2.57-2.69 found in present study. Comparing the measured values of milk components at day 40, 60, 120 and 180 with a values measured on the 10 th day of lactation (Table 9 ), lactose is the only parameter which shows statistically significant differences on the 40 th and the 180 th day of lactation. Other parameters do not differ statistically, so it can be concluded that the composition of mare's milk is stabile with respect to the most basic ingredients. According to previous data of microbiological quality of mare's milk, the obtained results could be compared with Furlič (2011) . The number of coliforms in that paper was only 13 cfu mL -1 , while the median of Enterobacteriaceae in the present study was 12 cfu mL -1 . C zyzak-Runowska et al. (2018) did not detect any coliforms on Chromocult ® Coliform Agar in fresh mare milk samples. The maximum number of Enterobacteriaceae (314 cfu mL -1 ) was not unexpected considering the stage of lactation (day 120), the summer season and the sampling on common pasture. Since the analysed samples were fresh raw milk, that number is still very low (Table 12 ).
Very important indicator of udder health are somatic cells, whose type differs, depending on the functional state of the mammary gland and its response to stimuli from the environment. Compared to milk of other dairy animal species, somatic cell count in mare milk is significantly lower (Danków et al., 2006) . Similarly to Martuzzi et al. (1998) , result for somatic cell count in this research on the tenth day of lactation is 4.04 log 10 and 4.53 log 10 on the 120 th day. Results on 40 th , 60 th , 120 th and 180 th day were compared with the value on the 10 th day and observed differences were not statistically significant (Table  10) . Jacobs (2004) highlights that the significant differences in the number of somatic cells due to the functional state of the udder. Thus, in stage of involution the number could rise to 4x10 5 mL -1 . If the number of somatic cells exceeds 10 5 mL -1 that is considered to be pathological, or indicates diseases of the mammary gland in mares (Böhm et al. 2009 ). Somatic cell count may vary significantly, depending on the functional condition of the udder. A relatively small number of somatic cells in mare's milk is the result of frequent emptying and position of the udder, which is hidden in the inguinal region and protected from the lesions and consequently, infection.
The total number of microorganisms identified by horizontal method in mare's milk varied with statistically significant differences (Table  11 ). According to available data, there is a considerably lower number of microorganisms in the mare's milk, than in the milk of other dairy animal species. Compared with the results of other studies, values found in this research were lower. Thus, Markiewicz-Keszycka et al. (2013) reported mean value of 10,4x10 3 cfu mL -1 and the maximum total bacteria count of 7,2x10 4 cfu mL -1 , measured by flow cytometry. The maximum value obtained on Plate Count Agar (PCA) in this study was 3x10 4 cfu mL -1 at the 120 th day of lactation. The number of microorganisms in the fresh mare's milk presented by Zoege von Manteuffel (1989) was 741 cfu mL -1 , which is in agreement with this research. The established low values of the total number of colonies per milliliter of milk, indicate the good udder health, as well as a satisfactory hygiene during milk sampling.
Mare milk analysis on coagulase-positive staphylococci, Salmonella spp. and Listeria spp. ended with negative results in total of 25 investigated samples.
Mastitis in mares occurs rarely and clinical mastitis is manifested with pain, swelling, fever, ventral edema and dullness. Detection of pathogens is possible even in clinically healthy mares (Jacobs, 2004) , so our finding of potentially pathogenic microorganisms (Streptococcus dysgalactiae equi, Staphylococcus capitis, Staphylococcus equorum, Staphylococcus aureus) in few individual samples of milk wasn't recognized as mastitis.
By following the entire lactation it is possible to determine changes in milk composition. Mariani First analysis in this research were conducted at the 10 th day when colostrum period with most drastic changes ended and milk composition is stabilized, so the first measured values were taken as basic values for comparison.
By comparing the statistical p-values of the individual components of milk with a p-value of the 10 th day, results suggest statistically significant differ-ences in lactose content. So, the stability of mare's milk chemical composition during the whole lactation was demonstrated considering the content of milk fat, proteins and solids non fat.
Conclusions
The most significant Croatian cold-blooded mare's milk characteristics, with respect to cow's milk, are the low content of fat and protein as well as the high lactose content. Most milk ingredients were constant during the six month lactation peroid, but lactose varied significantly towards the end of lactation.
Fresh mare's milk is characterized by a low total bacterial count and low somatic cell count throughout the lactation. The results indicated that fresh mare's milk is of the high quality and a hygienic foodstuff.
Comparing the results of the main chemical composition of mare's milk performed by standard methods and an alternative method (MilkoScan), some values for fat, lactose and dry matter, in some stages of lactations are significantly different for two methods. The use of instrumental methods in mare's milk research is possible with previous validation of instrument.
Praćenje mikrobiološke kvalitete i promjena kemijskog sastava mlijeka kobila primjenom različitih analitičkih metoda
Sažetak U ovom je radu istražena kvaliteta mlijeka hrvatskih hladnokrvnih kobila tijekom šestmjesečne laktacije. Uzorci mlijeka prikupljeni su od 22 kobile kroz tri uzastopne laktacije. Proučavane su fizikalno-kemijske osobine (pH, SH, gustoća) i kemijski sastav sirovog kobiljeg mlijeka. Mliječna mast, laktoza, bjelančevine i bezmasna suha tvar analizirani su infracrvenom spektrofotometrijom i konvencionalnim metodama. Utvrđen je broj somatskih stanica te ukupni broj bakterija. Od mikrobioloških parametara pretražene su Enterobacteriaceae, koagulazni pozitivni stafilokoki i utvrđeno je odsustvo patogena (Salmonella vrste i Listeria monocytogenes). Rezultati su prikazani kao usporedba standardnih i instrumentalnih metoda za kemijske analize (masti, bjelančevine, bezmasna suha tvar, laktoza). Srednje vrijednosti prikazane su kao trendovi tijekom laktacije. Rezultati su statistički analizirani pomoću programa Stata 10.0. Za rezultate dobivene primjenom različitih metoda zabilježene su statistički značajne razlike između metoda u udjelu mliječne masti 10. dana laktacije, sadržaj laktoze 10. i 60. dana te ukupne suhe tvari 60. dana laktacije. Vrijednosti mliječne masti, bjelančevina, laktoze i bezmasne suhe tvari dobivene 40., 60., 120. i 180. dana laktacije IR spektrometrijom uspoređene su s vrijednošću dobivenom 10. dana laktacije istom metodom (IR spektrometrija). Mlijeko hrvatskih hladnokrvnih kobila pokazalo je stabilan kemijski sastav za sve sastojke osim laktoze (p=0.0001) i visoku mikrobiološku kvalitetu tijekom cijelog laktacijskog razdoblja.
Ključne riječi: kobilje mlijeko, sastav, kvaliteta, usporedba metoda
